Circular RNAs (circRNAs) are considered to be highly stable due to the closed structure, which are predominately correlated with the development and progression of a wide variety of cancers. Colon cancer is one of the most common malignancies worldwide. A recent study demonstrated the upregulated expression of circPIP5K1A in non-small cell lung cancer. However, few studies have investigated the relationship between circ_0014130 level and colon cancer. Therefore, elucidating the underlying mechanisms of circPIP5K1A's role may help with the identification of novel diagnostic and therapeutic targets for colon cancer.
INTRODUCTION
As the third most common malignant disease, colon cancer is the leading cause of mortality worldwide [1] . To date, conventional and effective therapeutic methods for colon cancer include surgery, adjuvant radiation therapy or chemotherapy, and molecular targeted therapy [2] . Despite the extensive improvements in diagnosis and treatments, poor survival and unsatisfactory prognosis remain an issue due to delayed diagnosis and adverse drug effects [2] . Therefore, investigation of novel diagnostic and therapeutic methods, as well as the underlying molecular mechanisms of colon cancer is required.
Accumulating studies have shown that the roles of noncoding RNAs such as circular RNAs (circRNAs) and microRNAs (miRNAs) are predominately correlated with the development and progression of a wide variety of cancers [3] . CircRNAs, one class of noncoding RNA with covalent closed loops, are widely spread in eukaryotes and are mainly formed by back-splicing without 3'-and 5'-ends [4] . CircRNAs are considered to be highly stable due to the closed structure, which has garnered interest from scholars in determining whether they can be used as novel biomarkers in many diseases [5] . Several studies have identified many possible functions of circRNAs [6] including miRNA sponges [7] , regulating gene transcription and splicing [8] , and forming RNA-protein complexes [9] . It is widely acknowledged that some circRNAs may participate in disease progression by interfering with miRNA, thereby influencing target gene expression [10] . Remarkably, the prevalence of high-throughput sequencing technologies make diverse bioinformatics analyses available, and more studies have revealed dysregulated expression of circRNAs in many cancers including laryngeal cancer [11] , hepatocellular carcinoma [12] , gastric cancer [13] , gliomas [14] , and esophageal cancer [15] . A previous study demonstrated that circ_001988 is downregulated in colon cancer, and may be a novel diagnostic biomarker in colon cancer [16] . Another study showed that circ_000984 induces cell growth and metastasis in colon cancer [17] . A recent study demonstrated the upregulated expression of circ_0014130 in non-small cell lung cancer [18] . However, few studies have investigated the relationship between circ_0014130 level and colon cancer. Based on the circBase database (http://www.circbase.org/), hsa_circ_0014130 is located at chr1:151206672-151212515, and the corresponding gene symbol is PIP5K1A. Thus, we denoted hsa_circ_0014130 as circPIP5K1A.
Here we found that circPIP5K1A was selectively upregulated in cancerous tissues from patients with colon cancer, which in turn suppressed cell death and augmented cancer cell invasion and migration. Through sponging miR-1273a, circPIP5K1A augmented the expression of factor activator protein 1 (AP-1), but attenuated the expression of interferon regulating factor 4 (IRF-4), caudal type homeobox 2 (CDX-2), and zinc finger of the cerebellum 1 (Zic-1), which are crucial for tumorigenesis.
MATERIALS AND METHODS

Clinical sample collection
This study obtained ethical approval from the ethics committee of Hubei Cancer Hospital (Hubei Sheng, China). Twenty paired tumor samples and adjacent normal samples were collected from colon cancer patients in our hospital. The specimens were confirmed by hematoxylin and eosin staining and stored in RNAlater. Written informed consent was obtained from all participants.
Cell culture
Human keratinocyte line HaCaT, normal human colon epithelial cell line HCoEpiC, human colon cancer cell lines HCT-116, SW620, SW480, and COLO320DM, as well as human gastric cancer cell line HGC-27, human esophageal cancer cell line TE-10, human lung cancer cell line A549, and human hepatoma cell line HepG2 were obtained from Obio Technology Co., Ltd (Shanghai, China). The cells were maintained in Dulbecco's Modified Eagle Medium (DMEM) (Gibco, Carlsbad, CA, United States) containing 10% fetal bovine serum (FBS; Gibco) with standard incubation conditions (5% CO 2 and 37 °C).
Cell transfection
The synthesis of three small interfering RNAs (siRNAs) and relative si-NC for circPIP5K1A, as well as the construction of overexpressing circPIP5K1A vector and overexpressing miR-1273a vector were performed by Biosyntech Co., Ltd (Suzhou, China). The siRNA or overexpressing vector was transfected into COLO320DM cells by Lipofectamine 2000 (Invitrogen, Gaithersburg, MD, United States). Silence or overexpression effect was detected by real-time quantitative polymerase chain reaction (RT-qPCR) 48 h after transfection. The most effective siRNA was used for subsequent experiments.
RT-qPCR and RNase R treatment
Total RNA was obtained by Trizol (Invitrogen) according to the manufacturer's instructions. RNA concentration and purity were measured using a UV spectrophotometer (BD, Franklin Lakes, NJ, United States), and RNA with A260/A280 ratios of 1.8-2.0 was considered high-quality RNA without protein and DNA contamination. Then high-quality RNA was reverse transcribed into complementary DNA with a Reverse Transcription Kit (TaKaRa, Dalian, China). PCR amplification was performed by a SYBR Premix Ex Taq TM II (Takara). The primers sequences are listed in Table 1 . The PCR program was: 95 °C for 3 min, 40 cycles of 95°C for 10 s and 59 °C for 20 s, using the ABI Stepone plus Real-time PCR system (Applied Biosystems, Foster City, CA, United States). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and U6 served as the internal control for measuring circPIP5K1A and PIP5K1A levels. Data were analyzed with 2 -ΔΔCt method. To identify the cyclic structure of circPIP5K1A, RNA was treated with or without RNase R at 37 °C for 15 min, purified by phenol-chloroform extraction, and then subjected to RT-qPCR.
Predicting potential molecules bound to circPIP5K1A
The potential miRNAs and mRNAs bound to the promoter regions of circPIP5K1A were predicted, and then the potential miRNAs and mRNAs bound to circPIP5K1A sequence were further predicted using RegRNA2.0 (http://www.regrna.mbc.nctu. edu.tw/).
Cell apoptosis assay
Hoechst staining kit (Beyotime Institute of Biotechnology, Shanghai, China) was used to evaluate cell apoptosis. Cells treated with circPIP5K1A siRNA were collected and fixed in 4% paraformaldehyde, followed by staining with Hoechst 33258 as manufacturer's instructions. The apoptotic cells were calculated by fluorescence microscope.
Cell migration assay
Transwell inserts (Corning, New York, NY, United States) were used to detect cell migration ability. First, the cells transfected with circPIP5K1A siRNA or overexpressing circPIP5K1A vector were plated onto the upper chamber containing serum-free medium. Meanwhile, DMEM with 10% FBS was added to the bottom chamber for 48 h. Next, the cells in the bottom chamber insert were treated with 4,6diamidino-2-phenylindole for 5 min. The number of migrated cells was calculated with an inverted microscope (Olympus, Tokyo, Japan).
Western blotting
COLO320DM cells were transfected with overexpressing circPIP5K1A vector, overexpressing miR-1273a vector, or the combination of overexpressing circPIP5K1A vector and overexpressing miR-1273a vector. The cells with various treatments were collected, and then lysed by RIPA lysis buffer (Gibco) supplemented with phenylmethanesulfonyl fluoride (1 mM; Sigma, St. Louis, MO, United States). Protein was extracted by centrifugation and detected by the BCA kit (Shanghai Sangon Biotech Co., Ltd, China). The protein sample was separated on an SDS-PAGE gel, and electrotransferred to polyvinylidene fluoride membranes, followed by blocking in 5% nonfat milk for 1 h. Next, the membrane was probed with primary antibodies for transcription factor AP-1, IRF-4, CDX-2, Zic1, or GAPDH (1:1000; Abcam, Cambridge, MA, United States), followed by incubation with secondary antibody (1:1000; Beyotime) for 2 h at room temperature, respectively. Finally, enhanced chemiluminescence (Millipore, Burlington, MA, United States) was used to detect the protein levels.
Statistical analysis
Statistical analysis was conducted using SPSS Statistics software 22.0 (Chicago, IL, United States). Data are presented as mean ± standard deviation (SD) and analyzed by one-way analysis of variance followed by Dunnett's post-hoc t-test. a P < 0.05 was considered statistically significant.
RESULTS
CircPIP5K1A is selectively upregulated in colon cancer
To assess the status of circPIP5K1A in colon cancer development, we employed the RT-qPCR assay to detect the mRNA level of CircPIP5K1A in clinical samples. As shown in Figure 1A , circPIP5K1A was markedly upregulated in colon cancer tissues relative to their adjacent normal tissues. Similar results were detected in in several human cancer cell lines including SW480, SW620, HCT-116, COLO320DM, HGC-27, TE-10, HepG2, and A549M, while the mRNA level of circPIP5K1A in normal cell line HCoEpiC and HaCaT was undetectable ( Figure 1B) . Moreover, we also found that cell over-confluence led to conspicuously inhibited circPIP5K1A expression ( Figure 1C ), which suggested that circPIP5K1A was involved in colon cancer development.
CircPIP5K1A knockdown induces cell death
To investigate the role of circPIP5K1A in colon cancer progression, we transfected circPIP5K1A-targeted siRNA1, 2, and 3 into COLO320DM cells, which expressed the highest level of circPIP5K1A among the cancer cell lines. Our data revealed that the expression of circPIP5K1A was dramatically suppressed in the cells transfected with circPIP5K1A-targeted siRNA compared with cells transfected with scrambled siRNA. Moreover, the downregulation of circPIP5K1A by siRNA was resistant to RNase R Figure 2A ). Conversely, circPIP5K1A-targeted siRNA hardly affected the endogenous expression of PIP5K1A ( Figure 2B) , which confirmed the specificity of circPIP5K1A-targeted siRNA. Notably, we found that the absence of circPIP5K1A resulted in obviously increased cell death compared with cells transfected with scrambled siRNA ( Figure 2C ).
CircPIP5K1A increases cancer cell invasion and migration
To determine whether circPIP5K1A can regulate cancer migration, we utilized the Transwell assay, and found that enforced expression of circPIP5K1A significantly augmented cell invasion and migration relative to mock-transfected cells.
Reciprocally, silencing of endogenous circPIP5K1A exhibited opposite effects on cell migration (Figure 3 ). Taken together, our data demonstrate that upregulation of circPIP5K1A promotes cell viability and migration.
CircPIP5K1A and miR-1273a act antagonistically on the modulation of oncogene expression
To investigate the molecular function of circPIP5K1A in colon cancer development, we used RegRNA to predict circPIP5K1A-associated RNAs. The highest score of RNAs were miR-1273a as well as traditional mRNAs such as AP-1, IRF-4, CDX-2, and Zic-1 ( Figure 4A ). Further study revealed that overexpression of circPIP5K1A significantly upregulated both the mRNA and protein level of AP-1, while attenuating the expression of IRF-4, CDX-2, and Zic-1 ( Figure 4B and C). Conversely, overexpression of miR-1273a obviously alleviated circPIP5K1A-mediated suppression of IRF-4, CDX-2 and Zic-1 expression ( Figure 4B and C).
DISCUSSION
Our present study showed that circPIP5K1A was significantly upregulated in colon cancer tissue and cell lines. Silencing of circPIP5K1A in COLO320DM cells induced cell death and suppressed cell migration. Moreover, bioinformatics predicted that circPIP5K1A could bind to miR-1273a as well as AP-1, IRF-4, CDX-2, and Zic-1.
Overexpression of circPIP5K1A augmented AP-1 expression but attenuated the expression of IRF-4, CDX-2, and Zic-1, while overexpression of miR-1273a inhibited the oncogenic role of circPIP5K1A in the progression of colon cancer development.
Accumulating studies have identified circRNAs as novel biomarkers in cancer diagnosis due to the differential expression between normal and tumor tissues. For example, hsa_circ_0000520 level is increased in gastric cancer tissues and cells, which is negatively related to TNM stage, indicating that circ_0000520 may be a novel biomarker in gastric cancer [19] . Circ_0001649 is reportedly negatively correlated with colorectal cancer pathological differentiation, and is considered a new biomarker for the diagnosis of colorectal cancer [20] . A recent study reported the upregulation of hsa_circ_0014130 (circPIP5K1A) in non-small cell lung cancer, and it is considered a potential biomarker in non-small cell lung cancer [18] . In this study, we found that circPIP5K1A was selectively upregulated in colon cancer tissues and cells. It is well known that circRNAs are involved in various cellular biological processes and exert important regulatory roles in the progression of multiple cancers. A previous study demonstrated that hsa_circ_0001649 exerted tumor-suppressive effects by inducing cell apoptosis, as well as inhibiting cell proliferation and migration in cholangiocarcinoma cells [21] . In addition, it has been reported that the downregulation of circARHGAP26 inhibits cell proliferation and promotes cells apoptosis, indicating that circARHGAP26 may have tumor-promoting effects [22] . Here, we found that circPIP5K1A elicited stimulatory effects on cell proliferation and migration. These findings suggest that circPIP5K1A might contribute to the development of colon cancer.
Similarly to long non-coding RNA, the main role of circRNAs is to decrease miRNA abundance by sponging miRNA in the cytoplasm, and then affecting the expression of related genes. For example, hsa_circ_001564 knockdown suppresses osteosarcoma progression by acting as an miRNA sponge [23] . In this study, miR-1273a, AP-1, IRF-4, CDX-2, and Zic-1 were predicted to bind to circPIP5K1A. AP-1, encoding transcription factor AP-1, plays a pivotal role in tumorigenesis [24] . In cancers, AP-1 activity is increased, and inhibiting AP-1 activity can block cell proliferation and invasion [24] . A previous study reported that inhibition of AP-1 signaling may be a therapeutic target for colon cancer [25] . IRF-4, as a member of the interferon regulating factor family of transcription factors, is considered to be an oncogene in lymphoid malignancy and multiple myeloma [26] . Notably, recent studies have demonstrated that IRF-4 is a tumor suppressor in breast cancer [27] and lung cancer [28] . The homeodomain transcription factor CDX-2 has been investigated in colon cancer by many studies, which have suggested that CDX-2 loss is associated with the poor prognosis of colon cancer [29] [30] [31] [32] . Zic-1 is a member of zinc finger of the cerebellum family, which encodes zinc-finger transcription factors [33] . In colorectal cancer, Zic-1 is downregulated and considered a tumor inhibitor [34] . Consistent with these studies, circPIP5K1A overexpression clearly upregulated the expression of AP-1, as well as downregulated the expression of IRF-4, CDX-2, and Zic-1. Notably, miR-1273a overexpression rescued the effects of circPIP5K1A on the expression of AP-1, IRF-4, CDX-2, and Zic-1 in colon cancer cells. Thus, we speculate that miR-1273a may inhibit the regulatory role of circPIP5K1A in colon cancer cells. However, the relationship between circPIP5K1A and miR-1273a should be investigated in further studies. In conclusion, our data demonstrate that circPIP5K1A is selectively increased in colon cancer and exerts oncogenic effects on tumorigenesis, which may be regulated by miR-1273a. 
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Research background
Circular RNAs (circRNAs) are considered to be highly stable due to their closed structure, which are predominately correlated with the development and progression of a wide variety of cancers. A recent study demonstrated the upregulated expression of circPIP5K1A in non-small cell lung cancer. However, few studies have investigated the relationship between circ_0014130 level and colon cancer. Therefore, elucidating the underlying mechanisms of circPIP5K1A's role may help identify novel diagnostic and therapeutic targets for colon cancer.
Research motivation
It is necessary to explore whether circPIP5K1A regulates miR-1273a to affect cell death, cell invasion, and migration in colon cancer. Recent studies have demonstrated that circPIP5K1A exerts an oncogenic role in non-small cell lung cancer, which made it a good lead for further studies regarding the mechanism of circPIP5K1A regulation during colon cancer development.
Research objectives
In this study, we evaluated the expression level of circPIP5K1A in clinical tumor samples and colon cancer cells, and then investigated the effects of circPIP5K1A on colon cell apoptosis and migration in vitro by gain-and loss-of-function approaches. Moreover, we explored whether circPIP5K1A promotes colon cancer development through sponging miR-1273a. Our study provides significant insights into the mechanism of circPIP5K1A during colon cancer development that may contribute to the future design of more effective therapies.
Research methods
First, circPIP5K1A level was detected in colon cancer tissue and cell lines by RT-qPCR assay. Then gene transfection or silencing experiments were conducted to construct stably expressed or depleted circPIP5K1A cell lines to complete subsequent functional studies. A series of in vitro experiments, such as cell apoptosis assay and Transwell assays, were performed to explore the effects of circPIP5K1A on cell apoptosis, invasion and migration. The potential miRNAs and mRNAs bound to the promoter regions of circPIP5K1A were predicted, and then the potential miRNAs and mRNAs bound to circPIP5K1A sequence were further predicted using RegRNA2.0. MiR-1273a vector was constructed, and then transfected with or without circPIP5K1A vector into colon cancer cells. Then the expression of AP-1, IRF-4, CDX-2, and Zic-1 was detected by western blotting.
Research results
CircPIP5K1A was significantly upregulated in colon cancer tissue relative to their adjacent normal tissues. The results of in vitro experiments showed a positive role of circPIP5K1A in the proliferation, invasion, and migration of colon cancer cells. Bioinformatics prediction program predicted that the association of circPIP5K1A with miR-1273a, as well as AP-1, IRF-4, CDX-2, and Zic-1. Further study revealed that the overexpression of circPIP5K1A significantly upregulated both the mRNA and protein level of AP-1, while attenuating the expression of IRF-4, CDX-2, and Zic-1. Conversely, overexpression of miR-1273a clearly alleviated the circPIP5K1A-mediated suppression of IRF-4, CDX-2 and Zic-1 expression.
Research conclusions
In conclusion, circPIP5K1A is selectively increased in colon cancer, and circPIP5K1A plays a positive role in colon cancer cell proliferation, invasion, and migration. In addition, overexpression of circPIP5K1A augmented AP-1 expression but attenuated the expression of IRF-4, CDX-2, and Zic-1, while overexpression of miR-1273a inhibited the oncogenic role of circPIP5K1A in progression of colon cancer development.
Research perspectives
Our study illuminates the role and molecular mechanism of circPIP5K1A in the regulation of colon cancer development, and demonstrates the oncogenic role of the circPIP5K1A-miR-1273a axis in regulating colon cancer development. The findings of this study provide novel insights into colon cancer pathogenesis.
